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Abstract
The association of chocolate consumption with risk of gestational diabetes has not been examined. We aimed to investigate the prospective
association between chocolate consumption and risk of gestational diabetes in a large birth cohort in Japan. A total of 97 454 pregnant women
with a median gestational age of 12 weeks were recruited from January 2011 to March 2014. Data on demographic information, disease history,
socio-economic status, lifestyle and dietary habits were obtained at the study enrolment. Dietary intake during the past 12 months before study
enrolment was assessed through a semi-quantitative FFQ. The logistic regression was used to obtain the OR of gestational diabetes in relation to
chocolate consumption. Among 84 948 women eligible for the analysis, 1904 cases of gestational diabetes (2·2 %) were identified during the
period of pregnancy. After controlling for potential confounding factors including age, smoking status, drinking status, education level, occu-
pation, pre-pregnant BMI, depression, previous history of macrosomia babies, parity, physical activity and dietary factors, women in the highest
quartile of chocolate consumption, compared with those in the lowest quartile, had a significantly lower risk of developing gestational diabetes
(OR 0·78, 95 % CI 0·67, 0·90; P for trend = 0·002). Stratified analyses suggested that the association was not significantly modified by pre-
pregnancy BMI, age, parity, smoking status or drinking status. The present prospective cohort study provided evidence that chocolate
consumption was associated with a significant lower risk of gestational diabetes in Japanese women.
Key words: Gestational diabetes: Chocolate: Prospective cohort studies: Prevention: Epidemiology
Gestational diabetes mellitus (GDM), defined as glucose intoler-
ance with onset or first recognition during pregnancy, has a
number of adverse health consequences in both mothers and
their offspring(1,2). Women with a history of GDM are at substan-
tially high risk of developing type 2 diabetes in later life(3). A
recent pooled analysis of more than 2 million women found that
women with a previous history of GDM, compared with those
without it, had a 7·7-fold risk of type 2 diabetes(4). Emerging
evidence also showed that GDM significantly increased the risk
of CVD in later life(5). On the other hand, children of mother with
a history of GDM have a higher risk to be overweight and
develop insulin resistance(6,7). It is, therefore, of importance to
identify modifiable risk factors for primary prevention of GDM.
Chocolate, a popular food over the world, has received
increasing interest recently. Many intervention studies have doc-
umented beneficial effects of chocolate or other cocoa products
on improving blood pressure(8), flow-mediated dilation(9), lipid
profile(10) and insulin resistance(10). Observational studies have
also showed that chocolate consumption was associated with
decreased risk of type 2 diabetes, stroke, acute myocardial
infarction and CVD death(11). However, no study has examined
the association between chocolate consumption and GDM. The
present study, as the first one, aimed to examine the prospective
association between chocolate consumption and the risk of
GDM in a large birth cohort of Japanese women.
Subjects and methods
The Japan Environment and Children’s Study, launched by the
Ministry of Environment, is an ongoing national birth cohort
study examining the effects of environmental factors along with
genetic, social and lifestyle-related factors on children health and
development from the fetal period until 13 years old. The detail
of study design has been described elsewhere(12,13). Briefly, after
excluding 5645 pregnancies that were not the first enrolment
from 103 099 pregnancies, 97 454 pregnant women with a
Abbreviation: GDM, gestational diabetes mellitus.
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median gestational age of 12 weeks were recruited in fifteen
urban and rural areas across Japan from January 2011 to
March 2014. A self-administered questionnaire was used to
collect the baseline data on demographic information, disease
history, socio-economic status, lifestyle and dietary habits of
each mother at study enrolment.
Women were eligible for the analysis if they had a singleton
pregnancy and had no history of stroke, heart disease, cancer,
type 1 diabetes, type 2 diabetes or GDM at study enrolment
and provided essential data for the analysis. Women were
excluded if they had an extremeBMI (calculated by self-reported
height and weight) before pregnancy (i.e. <14 or >40 kg/m2) or
reported an implausible total energy intake (upper 2·5 % and
lower 2·5 %). Finally, a total of 84 948 women were included
in the present analysis. Fig. 1 shows the flow chart for participant
selection.
Dietary intake was assessed using a semi-quantitative
FFQ (172 items) which has been used and validated in another
large Japanese cohort study(14). Participants were asked about
the frequency and portion size of chocolate consumption as well
as other food and beverage intake during the past 12 months
before theywere recruited. The predefined frequency categories
ranged from<once/month to≥7 times/d for food items and from
<1 cup/week to≥ 10 cups/d for beverage items. The quantity of
chocolate consumption was computed bymultiplying the intake
frequency by the portion size. The portion size of chocolate was
25 g in one time, and two additional options are less than half or
more than 1·5 times in one time. Sweet pastry and snack bars
were not included as chocolate. Total dietary energy as well
as other nutrient intake was calculated based on the fifth revised
edition of the Standard Tables of Food Composition in Japan.
The outcome of the present study was the first incidence of
GDM. Medical record transcripts, performed after delivery by
physicians, midwives, nurses and/or research coordinators,
were used to identify GDM cases. Cases were diagnosed using
the 75-g oral glucose tolerance test, according to the criteria of
the Japan Diabetes Society(15).
The present study was based on the data set of jecs-
ag-20160424, which was released in June 2016 and revised in
October 2016. This data set included information of baseline
characteristics, lifestyle during pregnancy, pregnancy outcomes
and health examination at 1 month after giving birth.
Age-adjusted means and proportions of the characteristics of
pregnant women were calculated according to chocolate con-
sumption. Generalised linear models were used for trend test.
We used the logistic regression to obtain the OR of GDM asso-
ciated with chocolate consumption because GDM requires the
fact of being pregnant and does not depend on time. The lowest
intake group was treated as the reference. All OR were age
adjusted in model 1. We also adjusted for potential confounding
factors of GDM inmodel 2, including smoking status (never, past
and current smokers), drinking status (never, past and current
Fig. 1. Flow chart for participant selection.
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drinker), education level (middle school, high school, junior or
specialised training college, university or higher), occupation
(fifteen categories), household income (nine categories), pre-
pregnancy BMI (quintiles), depression (yes or no), previous his-
tory of macrosomia babies (yes or no), parity (0, 1, 2 or≥ 3) and
physical activity (quintiles). In model 3, we further adjusted for
dietary factors, including quintile intake of total meat, red meat,
coffee, green tea, milk, soya isoflavone, Mg, dietary fibre, dietary
fat, saturated fat, snacks (potato chips and other crackers) and
total energy. These dietary factors were selected frommore than
fifty kinds of foods and nutrients based on previous studies. We
next conducted predefined subgroup analysis according to pre-
pregnancyBMI, age, parity, smoking status and drinking status in
order to examine whether these factors could modify the asso-
ciation between chocolate consumption and GDM. Interaction
tests were conducted by entering the interaction terms in the
logistical model. In addition, sensitivity analyses were carried
out to test the robustness of the results by restricting the analysis
in participants who reported no substantial change in their
dietary habits during the past 5 years. We also repeated the
analysis using energy-adjusted nutrients by the residual method
and using quintiles for chocolate consumption. All analyseswere
performed using SAS software (version 9.4; SAS Institute Inc.).
All P values were two sided, and P< 0·05 was considered as sta-
tistically significant.
The study protocol was reviewed and approved by the
Ministry of the Environment’s Institutional Review Board on
Epidemiological Studies and by the Ethics Committees of all par-
ticipating institutions. Written informed consent was obtained
from all participants.
Results
The characteristics of pregnant women at study enrolment
according to chocolate consumption are shown in Table 1.
Median chocolate consumptions were 0, 11·7, 37·5 and
87·5 g/week for the four quartiles. Compared with women in
the lowest quartile of chocolate consumption, those in the high-
est quartile were younger, had a slightly lower BMI and were
more likely to be nulliparous and use alcohol. In addition, higher
chocolate consumption was also related to higher intake of total
meat, red meat, coffee, green tea, soya isoflavone, dietary mag-
nesium, dietary fat, snacks and total energy.
A total of 1904 (2·2 %) cases of GDM were identified from
84 948 women during the period of pregnancy. In model 1, a
basicmodel adjusting for age only, women in the highest quartile
of chocolate consumption, compared with those in the lowest
quartile, had a lower risk of developing GDM (OR 0·76, 95 %
CI 0·66, 0·86; P for trend< 0·001; Table 2). In model 2 with
Table 1. Baseline characteristics of 84 948 singleton pregnant women according to chocolate consumption*
(Mean values and standard deviations; numbers of participants; percentages)
Q1 Q2 Q3 Q4
Mean SD Mean SD Mean SD Mean SD P for trend
Median intake (g/week) 0 11·7 37·5 87·5
Participants (n) 21 579 23 922 19 093 20 354
Age (years) 30·9 5·1 30·6 5·1 30·7 5·0 30·5 4·9 <0·001
BMI before pregnancy (kg/m2) 21·3 3·3 21·3 3·2 21·1 3·0 21·0 3·0 <0·001
Depression (%) 0·4 0·3 0·2 0·3 <0·001
History of macrosomia babies (%) 0·5 0·5 0·5 0·5 0·90
Nulliparous (%) 39·7 41·7 42·3 43·7 <0·001
Never smoker (%) 55·6 58·9 60·7 58·7 <0·001
Never drinker (%) 56·4 55·9 54·6 54·0 <0·001
Physical activity (MET-h/d) 3·9 9·6 3·8 7·8 3·9 8·5 4·0 8·3 0·10
University or higher education (%) 21·3 22·1 22·3 20·7 0·30
Housewife (%) 30·9 27·9 25·7 25·1 <0·01
Household income <2 million Yen (%) 5·8 4·5 4·5 5·0 0·07
Carbohydrate (% of energy) 56·2 55·7 55·0 54·1 <0·001
Protein (% of energy) 13·8 13·6 13·6 13·1 <0·001
Fat (% of energy) 28·1 28·9 29·8 31·3 <0·001
SFA (% of energy) 8·6 8·9 9·4 10·3 <0·001
MUFA (% of energy) 10·5 10·8 11·1 11·5 <0·001
PUFA (% of energy) 5·9 5·9 6·0 6·1 <0·001
Meat (g/d) 64·8 46·1 68·9 44·8 74·3 46·4 80·6 50·6 <0·001
Red meat (g/d) 36·4 31·3 38·.9 30 41·7 31·2 44·9 33·5 <0·001
Coffee (g/d) 92·6 158·3 100·7 160·3 107·6 150·1 124·7 176·8 <0·001
Green tea (g/d) 159·4 262·9 156 239·3 161 ·9 236·5 178 ·9 268·9 <0·001
Milk (g/d) 122·3 247·7 120·7 225·1 125 223·8 125·6 215·7 0·04
Soya isoflavone (mg/d) 29·6 29·9 29·3 27·8 31·7 26·4 33·4 27·4 <0·001
Mg (mg/d) 211·3 94·7 219·2 88·8 239·2 86·9 264·7 94 <0·001
Dietary fibre (g/1000 kJ) 7·5 2·7 7·3 2·4 7·4 2·2 7·5 2·2 <0·001
Snacks (potato chips and other crackers) (g/d) 3·1 5·7 4·3 5·2 5·9 5·8 8·9 8·5 <0·001
Total energy (kJ/d) 6557·6 2176·1 6929·5 2093·3 7537·9 2099·9 8423·6 2307·1 <0·001
MET, metabolic equivalents.
*Generalised linear models were used for trend test.
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additional adjustment for BMI before pregnancy, depression,
history of macrosomia babies, parity, smoking status, drinking
status, education level, occupation, household income and
physical activity, a similar result was observed (OR 0·77, 95 %
CI 0·67, 0·88; P for trend = 0·002). In model 3, further adjustment
for dietary factors, including total meat, red meat, coffee, green
tea, milk, soya isoflavone, Mg, dietary fibre, dietary fat, saturated
fat, snacks and total energy, did not materially alter the associa-
tion either (OR 0·78, 95 % CI 0·67, 0·90; P for trend = 0·002).
Table 3 shows the multivariable-adjusted OR of GDM for
the highest quartile of chocolate consumption stratified by
pre-pregnancy BMI, age, parity, smoking status and drinking
status. Although relatively stronger associations were found in
some subgroups, for example, in women with age <35 years
and in current drinkers, the test for interaction showed that none
of the above selected factors significantly modified the associa-
tion (all P for interaction> 0·10).
To test the robustness of the results, we conducted a sensitiv-
ity analysis restricted in 65 166 women who reported that they
have not substantially changed dietary habits during the past
5 years. In this restricted population, theOR of GDM for the high-
est quartile of chocolate consumption was 0·73 (95 % CI 0·62,
0·87), which was similar to the overall one. Repeated analyses
using energy-adjusted data and using quintile for chocolate
consumption yielded similar results (data not shown).
Discussion
The present study was, to our best knowledge, the first prospec-
tive cohort that examined the association between chocolate
consumption and risk of GDM. Findings from our analyses
suggested that higher chocolate consumptionwas associatedwith
a significant lower risk ofGDMevenafter controlling for important
risk factors. In addition, the risk was not significantly affected by
pre-pregnancy BMI, age, parity, smoking status or drinking status.
One possible mechanism underlying the inverse association
of chocolate consumption with the risk of GDM may be related
to improvement in insulin resistance. Several small randomised
controlled trials (number of subjects ranging from 24 to 42) have
reported an improvement in insulin resistance by cocoa product
intervention (e.g. chocolate, cocoa drink)(16–20). Results from a
subsequent trial conducted in ninety elderly individuals were
in support of the previous trials by showing a significant
improvement in homeostasis model assessment for insulin resis-
tance, a common insulin resistance index, after 8 weeks of cocoa
drink intervention(21). In addition, fasting insulin was also signifi-
cantly improved by cocoa intervention; however, fasting glucose
appeared not to be affected(10). Unfortunately, there are no rand-
omised controlled trials examining the effects of chocolate con-
sumption on glucose metabolism among pregnant women.
Although there was no previous study looking at the
chocolate–GDM association, the association between chocolate
consumption and risk of type 2 diabetes has been examined in
five previous cohort studies(22–26). Some, but not all, reported
a significant lower risk of type 2 diabetes associated with
chocolate consumption. A pooled analysis showed that higher
chocolate consumption, compared with lower chocolate con-
sumption, was associated with a 18 % reduction in the risk of
type 2 diabetes (pooled relative risk 0·82, 95 % CI 0·70,
0·96)(27). In spite of different research outcomes, the result of
the present study was generally consistent with the pooled result
of previous studies in both direction and magnitude.
We detected an inverse relationship between chocolate con-
sumption and risk of GDM; however, it should be applied within
the range up to once per d because less than 0·6 % women of the
total participants consumed chocolatemore than once per d. In an
additional analysis, the fully adjusted OR was 1·22 (95 % CI 0·72,
2·08) forwomenwhohad chocolate consumptionmore than once
per d compared with those who had chocolate consumption less
than once per month. In the Atherosclerosis Risk in Communities
Study, consuming moderate amount of chocolate at 2–6 times/
week was associated with a lower risk of type 2 diabetes, while
consuming more than once per d yielded no significant result(26).
Similarly, in the Women’s Health Initiative study, the association
Table 2. Risk for gestational diabetes mellitus associated with chocolate consumption before and during early pregnancy
(Medians, odds ratios, ranges and 95 % confidence intervals)























0 <5·82 11·7 11·7, 18·8 37·5 37·5, 43·7 87·5 >56·3
No. of cases 563 543 407 391
No. of
participants
21 579 23 922 19 093 20 354
OR, model 1* 1·00 0·88 0·78, 0·99 0·83 0·73, 0·95 0·76 0·66, 0·8 0·93 0·90, 0·97 <0·001
OR, model 2† 1·00 0·88 0·78, 0·99 0·86 0·75, 0·98 0·77 0·67, 0·88 0·95 0·91, 0·98 0·002
OR, model 3‡ 1·00 0·88 0·78, 1·00 0·86 0·75, 0·98 0·78 0·67, 0·90 0·94 0·90, 0·98 0·002
* Model 1: adjusted for age.
† Model 2: model 1 and further adjusted for BMI before pregnancy, depression, history of macrosomia babies, parity, smoking, drinking, education,
occupation, household income and physical activity.
‡Model 3: model 2 and further adjusted for intakes of total meat, red meat, coffee, green tea, milk, soya isoflavone, Mg, dietary fibre, dietary fat, saturated fat,
snacks (potato chips and other crackers) and total energy intake.
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between chocolate consumption and risk of type 2 diabetes was
not dose dependent either, with an inverse association observed
only at a moderate level of intake (i.e. <3 servings/week) in
two subgroups of postmenopausal women(25). Of note, because
chocolate contains a high amount of sugar and fat, excessive intake
may increase the risk of overweight and obesity and hence out-
weigh any potential benefits on health.
The main strengths of our study included a large sample size
and a prospective cohort design. In addition, data on GDMwere
obtained frommedical records but not from self-report question-
naire, which decreased misclassification bias. However, several
limitations of the present study also merited consideration. First,
the short duration between baseline assessment and outcome
incidence may increase the risk of reverse causation. Although
women with a history of GDM were excluded from the analysis,
those at high risk of GDM (e.g. with BMI> 25 kg/m2) were likely
to have lower chocolate consumption because of its high content
of sugar and fat, which might result in an overestimated associ-
ation. Yet subgroup analysis by BMI showed similar results as
shown in Table 3, indicating a low risk of such bias. Second,
fat, sugar and polyphenol contents vary by chocolate types,
but data on types of chocolate, as with previous cohort studies
on chocolate research(27), were not available. As a result, any
comparison on the risk of GDM between dark, milk and white
chocolate could not be performed, and whether the observed
association was attributed to cocoa polyphenol could not be
tested either. However, milk chocolate appeared to be the most
consumed chocolate in Japan(28). Third, as shown in Table 1,
higher chocolate consumption was associated with other
factors, including higher consumptions of coffee and green
tea, which were associated with lower risk of type 2 diabetes(29).
Although they were statistically adjusted, the influences of
residual confounding could not be ruled out because of the
observational nature of the study. For instance, we could not
adjust for family history of diabetes as well as other unmeasured
factors. Fourth, the incidence of GDM was relatively lower. One
explanation may be that women participating in our study were
more health conscious, which might lead to a limited generalis-
ability of the present. Finally, a large sample size that couldmake
minuscule differences between groups becomes statistically
significant. Due to the above limitations, the findings of the
present study should be treated with caution.
In conclusion, our study provided the first evidence that
higher chocolate consumption was associated with a lower
risk of GDM. This finding needed to be confirmed in further
well-designed cohort studies among other population as
well as randomised controlled trials taking GDM as the
endpoint.
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Table 3. Multivariable-adjusted risk of gestational diabetes mellitus for the
highest quartile of chocolate consumption compared with the lowest
quartile stratified by participant characteristics*
(Odds ratios and 95 % confidence intervals)
Cases/




Yes 1359/76 093 0·78 0·67, 0·93 0·36
No 545/8855 0·73 0·55, 0·98
Age< 35 years
Yes 1136/64 455 0·69 0·55, 0·82 0·19
No 768/20 493 0·90 0·72, 1·12
Delivery history
Yes 1060/47 602 0·82 0·68, 0·99 0·50
No 804/35 244 0·66 0·52, 0·83
Smoking status
Never smokers 1062/49 728 0·88 0·73, 1·07 0·29
Former smokers 729/30 749 0·64 0·51, 0·80
Current smokers 100/3875 0·61 0·32, 1·18
Drinking status
Never drinkers 734/30 181 0·81 0·65, 1·03 0·53
Former drinkers 1013/46 900 0·74 0·62, 0·90
Current drinkers 151/7705 0·58 0·31, 0·96
* Adjusted for age, BMI before pregnancy, depression, history of macrosomia babies,
parity, smoking, drinking, education, occupation, household income, physical activity,
and intakes of totalmeat, redmeat, coffee, green tea,milk, soya isoflavone,Mg, dietary
fibre, dietary fat, saturated fat, snacks (potato chips and other crackers) and total
energy; interaction tests were conducted by entering the interaction terms in the
logistical model.
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